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dibeniylainine, N-benzyl-beta-phenethylamine, 1-ephenaniine, NjN'-dibenzylethylcnc- 
diamine, dehydroabietylamine, N.N'-bis-dchj-drosbictylerhylenediamine, and other 
amines which have been used to form &alts with bens^'lpcnicillin. Acid addiu'on salts 
of the compounds of foimula (II) are also included within rhe scope of the present 
invention. 

The esters of the penicillins of tliis invention are non-toxic esters, pardcularly 
those whidi are easily de-esterified in the body to give the parent penicillanic add 
derivatives. Examples of such estera include acvlosyalkyl esters particularly the 
acylox}'mcthyl esim sudi as the acetosymetlij-l and pivaloyloxTmcthyl esters. It will 
be understood, of course, that the invention includes other esters which may be of 
value as intermediates en route to tlie penicillanic add, e.g. silyl esters. 

In a pieferred dass of compounds of this invention the integen a and b are such 
tliat a+b=4 e.g. when a= 1, b=3 and when a=2, b=2. 

On the basis of preliminary testing, many of the compounds of this invention 
have a remarkably bigjier level of in vitro antibacterial activity against Gram-negative 
organisms than the known compound of formula (I), and yet are very well absorbed, 
giving them therapeutic advantages over compound (I). 

The penidllins, penicillin salts and penidllin esters of this invention may be 
prepared by a process wherein 6-aminopenicillanic add or a salt or ester thereof, or 
siiyi 6-arainopenidllanic acid is treated with a reactive N-acylating derivative of an 
acid of formula (III) 

wherein X, a and b are as defined in formula (II) and Y is a nitrogen-containing group 
which may be converted into a primary amino groiip, and subsequently converting die 
group Y into a primary amino group. 

The conversion of the nitrogen-containing group Y of the intermediate penicillin 
to a primary amino group may be effected by hydrogenation or hydrolysis it being 
understood that both steps must be carried out under conditions sufficiently mild that 
tliffy do not disrupt the sensitive .^-lactam ring. When the amino group is protected by 
protonation only, conversion of Y to NHj mcrdy requires adjustment of pH. 

The reactive derivative of the add (III) may be the add halide, azide anhydride, 
mixed anhydride or the reactive intermediate formed from tlie add and a carbodi- 
imide or carbonyldlimidazole. 

Examples of the nitrogen-containing group Y which, in the intermediate penidllin 
can be converted into the primary amino group by a process of catalytic hydrogenation 
indude die azido group, the ben^Ioxycarbonylomino group, and substituted benzyloxy- 
carbonylamino group. 

Examples of die group Y which may be converted into a primary amino group 
by a process of mild acid hydrolysis include enamine groups of general formula (IV), 
or tautomeric modifications thereof and o-hydrox}'aryIideamino groups of the general 
formula (V), or tautomeric modifications tiiereof. More detailed descriptions of the 
use of these groups in the synthesis of amino-penicillins appear in British Patent 
Spedflcations 991.586 and 980,777: — 
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(IV) R-TaT'i^? Sffi,^ '^'^ ^ "^J^ ^y^^^ bonds. In structure 



mphAaS;; "^"^"^ « '"^''^tituted or unsubstituted benzine ^ 

of thf aiTll^l Lir^ ^- 1'^^ '^'''^''^ after coupling 

i> • r ^ r Example 1 
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CxH^NsOsS requires C 45.1; H, 5.4; N, 15.0: S, 17.2%. Ir.y mas. (mull) 1770 
enr', 1735 cm hydantoin carbonyls]. ^„ , % 

The hydantoin, (9.0 g.), barium hydro.xide-SH.O, (31.5 g.), and water, (160 ml.), 
vecre heated in a sealed autoclave at 160'=' for 2 hours, cooled and filtered. Ammomum 
carbonate, (8 g.), was added to the filtrate, which was re-Hltered and the fihrate 
evaixrated to dryness under reduced pressure. The resultant white solid was slurried 
with cold water, (10 ml.), and fUtered. The crystalline product was air dried at 100° 
for 2 hours to give 4-amino-l-thiaqrdohexan-4-yl carboxylic acid, [(3.28 g.), m.p. 
270° (d), found C, 44.5; H, 6.9; N, 8.6; S, 19.6; C.,H„NO,.S requires C, 44.7; H, 
6.9; N, 8.7; S, 19.9°/„, i.r.y max. (mull) 1615 cm"' carboxylate CO]. 

The amino acid, (2.31 g.), was suspended in dry methylene dichloride, (50 ml.), 
and diy hydrogen chloride gas passed for one hour. The suspension was cooled m an 
ice-«alt bath, phosphorus pehtadjloride, (9.5 g.), was added portiomvise over 10 
minutes and then stirred for 2 days furdier with the exclusion of moismre. The white 
solid was quickly, but carefully, collected by filtration, dried f« vaciw over phosphorus 
pentoxide to give 4-ammo-l-thiacyclohexan-4-yl carbonyl chloride hydrochloride, 
[(1.0 g.), found CI, 32.3; C.Hna.NOS requires CI, 32.8%. is.y max. (mull) 1770 
cm-' acid chloride carbonyl]. „ ... 

Tricthylamine, (1.61 ml.), and N,N-dime:hylanilme, (0.66 ml% were added to 
6-aminopenicillanic acid, (0.99 g.), suspended in dry methylene dichloride, (10 mL) 
and heated at reflux for 1 hour. After cooling to 12—15° under dry nitrogen, tri- 
methylchlorosilane, (1 g.), was added dropvrise to the mixture, which, vas then heated 
at reflux for a further 45 minutes and finally chilled to - 15° with the continuous 
passage of dry nitrogen. 4-amino-l-thiacyclohexan-4-yl carbonyl chloride hydrochloride 
(1.0 g.), was added portionwise with continuous stirring. Stirring was continued for 30 
minutes further, then the reaction mixture poured into cold water, (20 ml) and 
filtered through kieselguhr. The pH of the two phases was adjusted to 5.4 with dilute 
sodium hydroxide solution and the phases separated. The aqueous phase was further 
extracted with methylene dichloride, (2x20 ml.), separated, concentrated to half 
volume under reduced pressure and temperature and then kept at 5° overnight. The 
crystalline precipitate, >vas coUeaed by filtration, air dried at 40° for 3 hours to give 
6-[4-amino-l-thiacyddhexan-4-yl carbamido]-penicillanic acid, [(1.0 g.), i.r. y max 
(mull) 1775 cm-' ,« lactam, 1690 cm-' amide caibonyl]. This material when subjected 
to paper chromatography in buianol:ethanol: water revealed a single zone of anti- 
bacterial inhibition at an R, value of 023 and was estimated by cobrimetric assay 
with hydroxylamine to be 79°<, pure. 

Example 2 

Preparation of 6- [4-amino tetrahydrop}'ran-4-yI carbamido] penicillanic acid 
Chelidonic acid (76 g.) was thermally decarboxylated and re-distilled to give 
pyran-4-one (19.5 g.) which was then hydrogenated in methanol (200 ml.) at atmos- 
pheric pressure for one hour using 5% palladium/calcium carbonate (9.0 g.) as 
catalyst. After removal of the catalyst and the solvenii the concentrate was distilled 
to yield tetrahydro pyran-4-one [(14.0 g.) b.p. 162—4°] . 

This ketone (12.3 g.) in ethanol (100 ml.) was added dropwise to a stirred 
suspension of sodium cyanide (9.1 g.) and ammonium carbonate (582 g.) in water 
(100 ml.). The mixture was heated at 65' for 4 hours, becoming dear after about 2 
hours. It was then reduced to half-volume by distillation, the concentrate diilled to 
0° and the resultant white crj'stalline precipitate removed by filtration. The filtrate 
was acidified with concentrated hydrochloric acid and the resultant precipitate collected 
by filtration. The combmed solids (10.6 g.) were recrystallised from ethanol/petroleum 
ether 40—60° to give, after drying in vacuo over phosphorus pentoxide, tetrahydro 
pyran-4-yl-5'-spirohydantoin [(7.1 g.) m.p. 262—3° (d), found C, 49.1; H, 5.9; N, 
16.3; C^HuNjO,-! requires Q 49.4; H, 5.9; N, 16.4%, i.r. y max (nujol) 1770 and 
1735 cm-' hydantoin CO'sj. 

. The hydantoin (5.1 g.), lithium hydroxide (6.3 g.) were dissolved in water (100 
ml.) and the dear solution gently heated under reflux until a sample of the rcaaion 
mixture, when subjected to thin layer chromatography, indicated only the presence of 
the amino acid, (approximately 44 hours). The mixture was cooled to room tcmperamre, 
filtered, and the filtrate concentrated under reduced pressure. The pH of the concen- 
.trate was adjusted from 12.5 to 4.9 with concentrated hydrochloric acid sand then 
evaporated to dryness under reduced pressure. Methanol (35 ml.) was added to the 
residue, the white precipitate removed by filtration, thoroughly washed with methanol 
and dried in vacuo over phosphorus pentoxide to give the crude amino acid (4.3 g.) 
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carbox;i^e CO^2505^-^im+] ' ' ' '^^"^ C™'**^) ^^^^ aar^ 

at this tempm:ture 90 Su^^Z Ssi^'Sf ZT^'l^^^^^ ^'^'^ 
chloride feS k") was addeHiTTT.^ exclusion of mcMsture. Phosphorus penta- 

heated on a water-ba^ uL£ Sx foj 45 P^^?P"^^« ^ gently 

maintained at this r^m^mrSkr^ ^ 

Miwg'fcuiline. csmnarea to be 75/, pure by colonmetric assay with 

'...„■"» '^7*liA02S requires C, 45 1: H m i« no/ i ^'^^ 
aadific^donofthechilled^reactionnlixtuic^^^^^ ^^-"/"l' ^ isolated after 
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car6oaLylateCO,2600cm-iNH>] ' '"^'^ I^IO cm-^ 

chinJt ante-S Ind'^tTwi^Kdll^c^^^^ f "^'^^ -'O, 
the exclusion of moisture SDhM«« r^i^^S^? ^^''^^ ^ ^° '"'""tts with 
the aiixture ^'orki:d^%SfTlS'^J^ S;) was quickly added and 
iiiiacycIohexan-3-yl cXnyl cMe fi^ wff ^^^^^ DL-B-amino-l- 
cJH-» add chloride CO] '^'arocwonde [(2.2 g.) i.r. y max. (nujol) 1785 

ammo tetrahydropyran-4-yl carbonvl 4loridf J^^ ^''^P*^ 2 when 4- 



when subjected to paper chromatography in butanol-.ethanol: water revealed a single 
zone of antibacterial inhibition at an R, value of 0.23 and was estimated by colonmetnc 
assay witb hydroxylamine to be 66% pure. 



Preparation of 6.[4-amino-l,l-dio£o-l-thiacjTdQhexan-4-yl carbamide] penicillanic 
acid 

An aqueous solution of potassium permanganate (3,16 g.) in water (75 ml.) was 
added dropwise widi vigorous stirring at room temperature to a clear solution of 4- 
annno-l-tiiiacydohexan-4-yl carbosj-lic add (4.0 g.) dissolved in 5N sulphuric acid 
(11 ml.) and water (35 ml.). After the addition was complete stirring was continued 
for 24 hours then the pH adjusted from 2.5 to 6.3 by the addition of triediylamme. 
The reaction mixture was passed down a 30 cm. Amberlite IRA 401 (C1-) column 
and then a 30 cm. Amberlite IRC 50 (EtaNH+) resin column when the final eluate 
(ca. 250 ml.) was freeze dried (the word "Amberlite" being a Registered Trade Mark). 
The resulting solid was thoroughly triturated witii metiiylene dichloride, filtered, and 
dried in vaato over i*osphorus pentojdde and tiien recrystallised from aqueous ethanol 
to give 4-amino-l,l-dioxo-l-thia(yclohexan-4-yl carboxylic add, [(2.7 g.), m.p. 280° 
(d), found C, 37.6; H, 6.0; N, 7.2; S, 16.2 C.H„NO,S requires 37.3; H. 5.7; N, 
7.3; S, 16.6%, ij. y max (nujol) 3150 an-' NHa+, 15«5 cnr» caifeoxylate CO, 1285 
and 1110 cm-»su^hone]. 

4-araino-l,l-dio3a)-l-thiacydohexan-4-yl carbonyl chloride hydrochlonde, 1(2.6 
e), ij. 7 max (nujol) 1770 onr' add chloride CO, 1290 and 1115 cm"' sulphone], 
was prepared \iiien die amino acid (2.5 g.) was substituted for 4-amino tetrahydro- 
pyran-4-yl carboxylic add exacdy as described in Example 2. 

The penicfflin ['0.76 g.) i.r. y max (nujol) 1770 cm-' /J-lactam CO, 1680 cm-^ 
amide CO, 1310 and 1120 cm-' sulphone] was prepared and isolated exacdy as in 
Example 2 when the above acid chloride hydrochloride (2.5 g.) was substituted for 
the add cMoride hydrodiloride used in tiiat example. The product when subjected to 
paper dnomatc^raphy in bucanol: ethanol: water revealed an Rj value of 0.11 and 
was estimated to be 47% pure by colorimetric assay with hydroxylamine. 

Example 5 

Preparation of 6-[4-amuio-l-ben2ylpiperid-4-yI carbamido] penicillanic add 

l-ben;grl.4-yl-5»-spin> hj^antoin [(27.8 g.) m.p. 256° (d) i.r. ymax (nujol) 1730 
and 1770 cm-' hydantoin CO's] was isolated exacdy as described in Example 2 
when tetrahydropyran-4-one was replaced by N-ben2ylpiperid-4-one (26.7 g.) 

Similarly 4-araino-l-ben2ylpiperidin-4-yl carboxylic add, [(11.4 g.), m.p. 247° 
(d), i.r. y max (nujol) 1615 cm-' carboxylate CO, found C, 66.7; H, 7.7; N, 11.9; 
Cj3H,sN.0n requires Q 66.7; H, 7.7; N, 12.0%], was obtained, tiien the above 
hydantoin (24.0 g.) was substituted for the hydantoin described in Example 2, but on 
three times the scale. . - 

Phosgene was passed slowly tiirough a stirred suspension of the amino acid (4.7 
g.) in diy dioxan (50 ml.) at 40° for 4 hours witii the careful exclusion of moisture. 
Tha mixture was stirred for a funher 15 hours at room temperature and then 
evaporated at low temperature and pressure to a gummy solid. The crude material 
was refluxed with dry tctrahydrofuran (300 ml.), cooled and diluted vrith diy 40 — 60° 
petroleum etiier (250 ml.) to give the corresponding Leuch's anhydride hydrochloride, 
[(5.7 g.) m.p. ca 94° (d), i.r. y max (nujol) 235a 2400, 2550 and 2650 cm"' NH*. 
1720 cm-' CO, 1780 and 1850 cm-' '5' ring anhydride]. 

A suspension of 6-amino penicillanic acid (1.9 g.) in water (7.0 ml.), tctrahydro- 
furan (18 ml.) widi stirring was adjusted to pH 7 with triediylamine and cooled to 
0°. The solution was treated porrionwise over 20 minutes with the Leuch's anhydride 
hydrochloride (2.6 g.) with die simultaneous addition of triethylamine to maintain 
die pH at 6.5. The mixture was stirred furtiier for 1 hour at 0°, diluted with an equal 
VDlume of water and evaporated to dryness at low temperature and pressure. The 
residue was dissolved in methylene dichloride, filtered, and again evaporated to dr>-ness 
to give the crude yellow-white penicillin (6.7 g.). The crude produa was treated with 
B-butanol (10 ml.) and filtered. Dry ether (100 ml.) vras added to the filtrate, which 
after collection, drying in vacua yielded a yellow glass (2.15 g.). This material upon 
trituration with absolute ethanol (25 ml.) gave the required penidllin, [(0.82 g.) i.r. 
7 max (nujol) 1670 cm-' amide CO, 1775 cmr' :6-lactam CO,], as a white stable 
solid. The penidllin, when subjected to paper chromatography in buianoltedianol: 
water indicated an Rf value of 0.46 and when sut^ected to colorimetric assay with 
hydroxylamine was shown to be 67% pure. 
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Example 6 

Preparation of 6- [4-Eminopip£ridin-4-yl carbamido] penicillanic add 
mixture was filtered and the filtrate evaporated at loW tmpStl^^d ta 
assa^SdilJto^ru?. *" 21% pur« by colorin^tdc 



Pivateylaxj^cthyl- and acetcymethrS of ±. ^mS^^^^T^ 
~. , ,, . Example 8 



Compound 
administered 


Concentration in ug/ml of 
penicillin in serum 


hr 


Ihr 


2hrs 


4hrs 


6hrs 


Cydadllin 


58.5 


46.2 


19.1 


4.5 


1.0 


6-[4-aniino- 
tetiahydiopyran 
-4-yl carbamido] 
penidUanic add 


62.7 


75.4 


29.7 


3.3 


0.4 



Although the compounds of Examples 1, and 3 to 5 have nm- «.k{~*ij 

=S:-SbXtTSut~ «si^^^- Ws^ts 

ExamtJS 1 ''m'^^.nH ^"tibacterial tests have shown that the compounds of 

cydadllin against most of ow^oriff ^ ^ "^^"^ 

WHAT WE CLAM IS: — 

1. A penicillin of formula (II) or a salt or ester thereof: 
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wherein X lepresentt -[-O-]-, -[-S-]-, 



A/ 
- S 

or [R— -N] < wherein R is hydrogen^ alltyl or aralkyl and a and b are each integeis 
sudiihata+b=4. . ^ 

2. A penidlUn, penicillin salt or penicillin ester as claimed in claim 1 wherein tne 
integer a in formula (I^ is 2 and the integer b in formula (II) is 2. 

3. A penidliin, penidlh'n salt or penicillin ester as daimed in ctaim 1 wherem 
the hitegor a in fonnula (II) is 1 and the integer b in fonnula (II) is 3. 

4. 6-[4-aimno-l-thiacydohexan-4-yl carbamldo] penidllanic aad and salts and 
esters ifaeieof. 

5. 6-[4-anihiotetraIqrdropyran-4-yl carbamido] penidllanic add and salts and 

^***6. ^3-amino-l-tiiiacyddhexan-3-yl carbamido] penidllanic add and salts and 
esters thererf. 

7. 6-[4-aniino-l,l-dioxo-l-thiacyclohexan-4-yl carbamido] pemcillanic acid and 
salts and esters thereof. . , j 

8. 6-I4-anrino-l-benzylpipcrid-4-yl carbamido] penidllamc aad and salts and 
esters thereof. 

9. 6-[4-aminopiperidin-4-yl carbamido] penidllanic add and salts and esters 

10. A penicillin, penidliin salt or penidliin ester as claimed in claim 1 and 
wherein a and b are not both equal to 2 said penicillin, penidliin salt or penidliin 
ester bemg in the form of a substantially pure optical iscmwr. 

11. The hydrates oi a penidliin, penidliin salt or penicillin ester as claimed m 
any one of claims 6 to 16. 

R. SMITHER, 
C3iartered Patent Agent, 
" Agoit for die Applicants. 
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